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1. Introduction
In this project, we ¯rst planned to model a manufacturing system using a
partial di®erential equation (PDE), since in the theory of tra±c simulation
and control, PDEs are used successfully for modeling the dynamic behavior
of highway tra±c. Because these tra±c models show good correspondence
with manufacturing systems (vehicles = products, highway = manufacturing
system), PDEs can also be useful in the modeling of manufacturing systems
[1]. The PDE, which we were planning to use in this project, is the Conser-
vation Law given as follows
(1) @tu(x;t) + @xf(x;t) = 0;
where u(x;t) represents the products and f(u(x;t)) (AKA f(x;t)) represents
the product °ow. There is an in°ux entering the system and an out°ux
leaving the system. The time it takes in the system is called cycle time.
The goal for a manufacturing system is to maximize the pro¯t over a
short timescale. In this respect, the objective in our project is to minimize
the cycle time. Therefore, the goal is to lessen Cmax (makespan), i.e., to
minimize the completion time of the last job in the system to ¯nd a time-
e±cient way of production for a manufacturing system. The structure of the
semi-conductor manufacturing system can be seen in Figure 1.
2. Our Approach
After discussions with our professors at Arizona State University, we ¯g-
ured out that this would be an extremely di±cult scheduling problem to be
done in a short period of time, so we changed our problem to a 2-stage °exible
°owshop (FF2) scheduling problem. In order to ¯nd a general methodology
for a °exible °owshop scheduling problem, we worked on the 2-stage °exible
°owshop with a limited intermediate storage capacity of 2; when the bu®er
capacity is full, the jobs that are done in the ¯rst stage will remain in the
241242 WOMEN IN MATHEMATICS: MAY 18{20, 2006
Figure 1. The structure of the semi-conductor manufactur-
ing system [2]
machine (block). Therefore, the problem notation is
FF2|block, bu®er capacity-2|Cmax:
We analyzed two di®erent situations such that in situation-1, shown in
Figure 2, there are two machines in the ¯rst stage and one machine in the
second stage. In situation-2, shown in Figure 3, there is one machine in the
¯rst stage and two machines in the second stage. These °owshops are °exible
in the sense that a job can be processed by any of the identical machines at
each stage. Our objective is to schedule any given set of jobs to minimize
the makespan (Cmax).
Since any SPT(1) ¡ LPT(2) algorithm (Johnson's Rule) is optimal for
a °owshop problem with two machines, F2jjCmax, by Theorem 6.1.4 in [4],
where a job with the shortest processing time (SPT) is processed ¯rst in
machine-1 and a job with the longest processing time (LPT) is processed ¯rst
in machine-2, and since our problem is a 2-stage °exible °owshop problem,
we performed SPT(1) ¡ LPT(2) algorithm, as a heuristic, to ¯nd a good
solution for both of the situations and compared this heuristic with the
optimal solution for di®erent sets of jobs with various processing times.THE LEGACY OF LADYZHENSKAYA AND OLEINIK 243
Figure 2. Situation-1: Flexible °owshop with intermediate storage
Figure 3. Situation-2: Flexible °owshop with intermediate storage
3. Programming
To test our method, we needed to compare our schedule with the optimal
one. But the problem is that, even with a 4-job problem, we have to make
4!=24 schedules to get the optimal solution. Also, to see how the LPT
rule works for situation-2, we needed to work with at least 6 jobs. By
permutation, there are 720 possible schedules for 6 jobs, making it almost
impossible to check these schedules manually. So, we used MATLAB and
CHI Simulation to get the Cmax values.
Finally, we ¯gured out from the results that our method works very well;
i.e., 70% to 80% of the time, it is optimal. Flexible °owshop with limited
intermediate capacity is a scheduling problem of practical and academic
interest. We believe that in the future it would be of interest to work in
a °exible °owshop environment with other objectives, such as minimizing
total weighted tardiness,
P
(wjTj), or total completion time,
P
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